DOOR TRIM SPEAKER GRILLE WITH ELECTROLUMINESCENT LAMP AND 
INJECTION MOLDING METHOD OF MAKING SAME 

DESCRIPTION 

Field of the Invention 

[Para 1] The present Invention pertains generally to automotive interiors and 
more particularly to speaker grilles for automotive interiors. 

Background of the Invention 

[Para 2] Vehicle door constructions typically feature a metal door frame with 
a sheet metal outer panel or skin that defines the door's exterior and an inner 
sheet metal panel secured to the door frame. Various door components, 
including window regulator rails, audio speakers, latches, and the like, are 
fastened in openings defined in the inner sheet metal panel. Covering the 
inner door panel is a removable trim panel that provides an aesthetically 
pleasing facade viewed by occupants seated in the passenger cabin of the 
motor vehicle. Controls are provided on the trim panel for devices such as 
seats, door locks, mirror and windows. The door latch is connected by a cable 
to an inner release handle on the trim panel accessible to the vehicle occupant. 

[Para 3] Light emitting sources are positioned at convenient locations inside 
the vehicle passenger cabin. The light emitting sources are used to illuminate 
one or more portions of the vehicle interior at strategic times. For example, a 
light emitting source in the passenger cabin may illuminate the device controls 
on the door trim panel. 

[Para 4] A decorative and protective speaker grille covers the audio speaker 
and is typically removably attached by a snap fit with the audio speaker. 
Conventional speaker grilles are not illuminated and, therefore, are not visible 
to an occupant of the passenger cabin under low-lighting conditions, such as 
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early evening or dusk, and darkness caused by storms during tlie daytime and 
the like. 

[Para 5] Wliat is needed tlierefore is a speaker grille construction that 
improves on conventional speaker grille constructions. 

Summary of the Invention 

[Para 6] In an embodiment of the invention, an automotive interior 
component comprises a door trim panel, a speaker grille mounted to the door 
trim panel for transmitting sound emitted by an audio speaker of a vehicle 
door assembly, and an electroluminescent lamp positioned between the audio 
speaker and said speaker grille. The electroluminescent lamp oriented for 
emitting visible light, when powered, through sound passages in the speaker 
grille. In certain embodiments of the invention, the electroluminescent lamp is 
mounted to, and preferably. Integrally molded with the speaker grille. 

[Para 7] In another embodiment of the invention, a method is provided for 
making an automotive interior component in a mold with a pair of half 
sections that form a mold cavity with a geometrical shape resembling at least a 
speaker grille and a gate for filling the mold cavity. The method includes 
placing an electroluminescent lamp between the half sections of the mold, 
closing the mold half sections, and injecting a molten polymer resin through 
the gate to fill a portion of the mold cavity unfilled by the electroluminescent 
lamp. The method further includes opening the mold half sections after the 
molten polymer resin solidifies and ejecting the automotive interior 
component having the geometrical shape of at least the speaker grille from the 
mold. 

[Para 8] These and other objects and advantages of the invention shall 
become more apparent from the accompanying drawings and description 
thereof. 

Brief Description of the Drawings 
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[Para 9] The accompanying drawings, whicii are incorporated in and 
constitute a part of this specification, illustrate embodiments of the invention 
and, together with a general description of the invention given above, and the 
detailed description given below, serve to explain the principles of the 
invention. 

[Para 1 0] Fig. 1 is a perspective view of a door trim panel fastened to a vehicle 
door frame and including a speaker grille of the present invention; 

[Para 11] Fig. 2 is a cross-sectional view of the speaker grille of the present 
invention; 

[Para 1 2] Fig. 2A is a detailed view of a portion of Fig. 2; and 

[Para 1 3] Figs. 3-5 are diagrammatic cross-sectional views illustrating a 
molding process for forming the speaker grille of the present invention. 

Detailed Description 

[Para 1 4] With reference to Fig. 1 , a door trim panel 1 0 constructed in 
accordance with an embodiment of the invention is shown fastened to a door 
of a vehicle such as, for example, an automobile, a truck, or an aircraft. More 
specifically, door trim panel 10 is coupled as an assembly with the inner sheet 
metal of a door frame 1 2, which has a hinged attachment with a body of an 
automobile. The trim panel 1 0 may be attached to the door frame 1 2 by 
suitable fasteners (not shown) as is well known in the art. Persons of ordinary 
skill in the art will appreciate that door trim panel 1 0 may be used on other 
door assemblies including but not limited to sliding doors, hatches, etc. 
Further, persons of ordinary skill in the art will also appreciate that door frame 
1 2 may be constructed of other materials such as composites like fiberglass 
and carbon fibers. A passenger occupying the passenger cabin of the 
automobile can manually move the assembled door relative to the body for 
passenger ingress and egress of the passenger cabin. 

[Para 1 5] The door trim panel 1 0 includes a bolster 1 4 covering an access 
opening to the space between the trim panel 1 0 and the door frame 1 2, a 
switch panel 1 6, an armrest 1 8, and a map pocket closeout 1 9. Control 
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switches 20 in switcPi panel 1 6 are electrically coupled by a hidden wiring 
harness with conventional electrically-operated components such as door 
locks, window controls, seat controls, and side mirrors of the automobile. An 
inner door release handle (not shown) for operating a door latch 22 is 
accessible to a passenger inside the passenger cabin. 

[Para 1 6] Also mounted to the trim panel 1 0 is a speaker grille 24 that covers 
an audio speaker 25 (Fig. 2), which is itself mounted to door frame 1 2. The 
invention contemplates that, in an alternative embodiment, the speaker grille 
24 may comprise an integral portion of the trim panel 1 0 formed by an 
injection molding process. The audio speaker 25 further includes a magnet 
assembly 29 and a diaphragm 31 that cooperate as understood by persons of 
ordinary skill in the art for converting electrical signals into sound waves. 

[Para 1 7] With reference to Figs. 2 and 2A in which like reference numerals 
refer to like features in Fig. 1 , the speaker grille 24 has a plurality of sound 
passages 26 extending between front and rear grille surfaces and may include 
an optional speaker bezel 27 encircling the outer perimeter of speaker grille 
24. The sound passages 26 are defined within the central cutout of the bezel 
27. The sound passages 26 may have any conventional cross-sectional profile 
when viewed from a perspective parallel to the passage centerline. The sound 
passages 26 are defined by interlaced cross members 33 crossing the central 
cutout of the bezel 27. 

[Para 1 8] Disposed between the audio speaker 25 and the speaker grille 24 is 
an electroluminescent (EL) lamp 28 that consists of a stacked structure of 
multiple layers carried on a suitable flexible structural substrate 30. The 
layered structure includes a layer of an EL phosphor 32 disposed between 
substantially parallel front and rear electrodes 34 and 36, respectively. The 
phosphor layer 32 is contiguous with the front electrode 34 but spaced from, 
and electrically isolated from, the rear electrode 36 by a dielectric layer 38. 
The front electrode 34, which faces into the interior of the passenger 
compartment, is light transmissive (i.e., transparent or translucent) for 
transmitting light emitted from the phosphor layer 32 when an electric field is 
applied between the front and rear electrodes 34, 36. The dielectric layer 38 
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may be pigmented to supply a dark or colored background for the emitted 
light. 

[Para 1 9] A protective encapsulation layer 40 of a llght-transmlsslve 
substance, such as polycarbonate or another polymer suitable for this 
application, optionally covers the front electrode 34 of the EL lamp 28. The 
encapsulation layer 40 may be applied to the stacked structure as a printed ink 
layer. An electrical connector 42, such as an edge electrical connector, 
includes power contacts that are coupled with the front and rear electrodes 34, 
36. The power contacts of the electrical connector 42 are exposed through 
the encapsulation layer 40 for establishing electrical contacts. 

[Para 20] The layers of the EL lamp 28 may be printed onto the substrate by 
rotary screen printing, flexographic printing, or other printing methods using 
conducting, insulating and electroluminescent ink compositions. The ink 
compositions are printed across a desired print area on the substrate 30, or 
alternatively on the encapsulation layer 40, and then dried to remove volatile 
solvents for forming stable layers. Some of the layers In the stacked structure 
may be printed more than once in order to assure proper thickness. 

[Para 21 ] Phosphor ink compositions are available to emit light in many 
colors, such as green, blue, and yellow, and may also be blended to produce 
white or colored light emission. Typical EL phosphors for EL lamp 28 are 
comprised of inorganic zinc sulflde-based materials doped to create the 
desired color emission. Suitable EL phosphor ink compositions include white, 
blue-green and yellow-green LUXPRINT® electroluminescent inks commercially 
available from DuPont IVIIcrocircult IVIaterlals (Research Triangle Park, N.C). 

[Para 22] In one embodiment of the invention, a flexible metallized film may 
effectively function as the substrate 30, the rear electrode 36 and the dielectric 
layer 38 of the EL lamp 28. Such metallized films include a thin layer of a 
metallic conductive material, like aluminum, deposited on one side of a film 
material, like polyester. The deposited metallic layer operates as the rear 
electrode 36 and the film material acts as the dielectric layer 38. The 
metallized film also serves as a substrate 30 for application of the remaining 
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printed component layers (e.g., phosphor layer 32 and front electrode 34) of 
the stacked structure. 



[Para 23] An inverter or converter 44 electrically couples a direct current (DC) 
electrical system of the vehicle, which includes the car battery 46, with the 
electrical connector 42. The converter 44 converts the DC voltage from the 
electrical system to generate an alternating current (AC) driving voltage in the 
range of 80 to 200 VAC, preferably about 1 1 0 VAC, at a frequency in the 
region of 300 to 500 Hz, preferably about 400 Hz. Additional circuitry, as 
recognized by persons of ordinary skill in the art, may be provided as required 
to ensure proper operation of the EL lamp 28. Application of the AC driving 
voltage across the front and rear electrodes 34, 36 of the EL lamp 28 
generates a varying electric field within the phosphor layer 32 causing the 
constituent phosphor particles to emit visible light. In general, the brightness 
of the EL lamp 28 increases with increased voltage and frequency. Power to 
the EL lamp 28 may be switched, for example, in coordination with operation 
of a light switch 49 controlling vehicle lighting or with operation of the audio 
system of the automobile. 

[Para 24] The EL lamp 28 includes apertures 48 registered with the sound 
passages 26 in the speaker grille 24 so that sound can be transmitted from the 
audio speaker 25 into the passenger cabin. At the same time, portions of EL 
lamp 28 surrounding apertures 48 are visible through the passages 26, which 
are significantly larger than apertures 48, so that visible light emitted by the EL 
lamp 28 is visible through the speaker grille 24. 

[Para 25] The EL lamp 28 is mounted to the speaker grille 24 and, preferably, 
is integrally molded with the polymer body defining the speaker grille 24. 
However, the invention is not so limited as the EL lamp 28 may be mounted 
instead, for example, to the audio speaker 25 or to the portion of the trim 
panel 1 0 surrounding the opening for the speaker. 

[Para 26] In an alternative embodiment of the invention, the EL lamp 28 may 
be incorporated into the speaker bezel 27 and positioned so that the visible 
light emitted light illuminates encircling the outer perimeter of speaker grille 
24. In yet another alternative embodiment, the polymer forming the speaker 
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bezel 27 may be transparent or translucent and the EL lamp 28 positioned to 
emit light outwardly into the passenger cabin through the bezel 27. 

[Para 27] The EL lamp 28 advantageously features a low power consumption 
and very low heat generation, as compared with conventional lamps commonly 
used in these and other automotive applications. Furthermore, the EL lamp 28 
is sturdy and exhibits excellent vibration and impact resistance. The EL lamp 
28 will have a lengthy life and, as a result, will not routinely need replacement 
over the life of the automobile, in contrast to the need to periodically replace 
burnt-out conventional incandescent bulbs. The resin material forming the 
speaker grille 24 need not be heat resistant as the EL lamp 28 has a cooler 
operating temperature than conventional incandescent bulbs. 

[Para 28] With reference to Figs. 3-5, a method of making the trim panel 1 0 
will be described that illustrates a processing sequence in which the EL lamp 
28 is integrally injection molded in a mold cavity 58 with the speaker grille 24. 
Alternatively, the shape of the mold cavity 58 and the EL lamp 28 may be 
altered for molding the EL lamp 28 into the speaker bezel 27. 

[Para 29] In Fig. 3, an injection die or mold 50 having first and second mold 
sections 52, 54 is provided. The EL lamp 28 is placed at a specified location 
between the first and second mold sections 52, 54 so that the power contacts 
of the electrical connector 42 (Fig. 2) are exposed after molding for 
establishing electrical contacts. As shown in Fig. 4, the mold 50 is closed so 
that the first and second mold sections 52, 54 define the mold cavity 58 
having the general three-dimensional geometrical shape of the speaker grille 
24. 

[Para 30] As shown in Fig. 5, molten resin material is injected by an extruder 
through one or more gates 56 into the mold cavity 58 and fills the space inside 
the cavity 58 not occupied by the EL panel 28. The synthetic resin material is 
selected according to the characteristics required for the speaker grille 24 and 
may be any engineering polymer material suitable for an injection molding 
process. The injection molding process creates sufficient pressure and heat to 
bond the EL lamp 28 and the injected molten resin material to form the 
speaker grille 24 as an integral structure. The mold 50 is opened by 
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separating the mold sections 52, 54 and the speal<er grille 24 is ejected from 
the mold 50 in a condition ready for delivery as a unitary component to a door 
assembly location of an automotive production line. 

[Para 31 ] If necessary, the speaker grille 24 may then either be partially or 
completely vacuum- or thermo-formed to achieve a final desired shape. In 
this regard, the shape of the mold cavity 58 may not reflect the three- 
dimensional geometrical shape of the speaker grille 24 as such post injection 
molding processes may be used to form the final shape. 

[Para 32] The invention also contemplates that the article formed by the 
injection molding process may be the entire trim panel 1 0 with an integral 
speaker grille 24 that includes the EL lamp 28. In this embodiment, the three- 
dimensional geometrical shape of the mold cavity 58 will reflect that of the 
trim panel 1 0 or a post injection molding process is used to shape the molded 
article to form the final shape of trim panel 1 0. 

[Para 33] With renewed reference to Fig. 2, the EL lamp 28 may be connected 
by a controller 60 with an audio signal source 62, such as the vehicle stereo 
system. The controller 60, which is interfaced with the converter 44, varies the 
light emission of the EL lamp 28 (e.g., brightening, darkening, or flashing) in 
response to the output signals from the audio signal source 62. The 
occupants of the passenger cabin are provided with a visual display from the 
speaker grille 24 characterized by periodic changes in light intensity 
synchronized with variations in the output signals from the audio signal source 
62 and, therefore, synchronized with the audible sound heard by the 
occupants. 

[Para 34] While the invention has been illustrated by the description of one or 
more embodiments thereof, and while the embodiments have been described 
in considerable detail, they are not intended to restrict or in anyway limit the 
scope of the appended claims to such detail. Additional advantages and 
modifications will readily appear to those skilled in the art. The invention in its 
broader aspects is therefore not limited to the specific details, representative 
apparatus and methods and illustrative examples shown and described. 
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Accordingly, departures may be made from such details without departing 
from the scope or spirit of Applicants' general inventive concept. 



Page 9 of 1 6 



